Excess alcohol consumption is a leading cause of preventable morbidity and mortality globally. The pattern of consumption of alcoholic beverages has changed in our society in the recent past, with binge drinking becoming more and more common, especially among young adults. Abdominal pain following alcohol consumption can be secondary to a wide range of pathologies, the treatment algorithm of which can range from medical supportive treatment to more invasive life-saving procedures such as transarterial embolization and emergency laparotomy. Correct diagnosis, differentiation among these conditions, and implementing the correct management algorithm is heavily reliant on accurate and appropriate imaging. We review the pathophysiology, clinical presentation, imaging features and management options of acute abdominal emergencies secondary to binge drinking, based on a selection of illustrative cases.
Binge drinking causes more than half of nearly 88,000 alcohol-attributable deaths in the United States each year [1] . Binge drinking is defined as consuming a large quantity of alcohol over a short period of time that brings a person's blood alcohol concentration to 0.08 gram percent or above. This commonly happens when women consume 4 or more drinks and men consume 5 or more drinks within 2 hours. A ''drink'' refers to half an ounce (15 mL) of alcohol (eg, one 1.5 oz [45 mL] shot of distilled spirits, one 12 oz [350 mL] beer, or one 5 oz [150 mL] glass of wine).
Binge drinking is hazardous for the drinker, as well as for society [1, 2] . Binge drinking typically results in acute physical and mental impairment, and is a risk factor for a number of health and social problems, including unintentional injuries, interpersonal violence, suicide, alcohol poisoning, high blood pressure, heart disease and stroke, cancer, liver disease, and severe alcohol use disorder [1] . Binge drinking increases the burden on health care with increasing hospital admissions, particularly affecting the accident and emergency departments. In a questionnaire study conducted by Belfast City Hospital, among 4349 people who had recent alcohol consumption, 108 attended the emergency department with medical complaints, including 24 cases of abdominal pain, 8 cases of hematemesis, 5 cases of cirrhosis, liver failure, bleeding varices or alcoholic cardiomyopathy [3] . In this pictorial essay, we focus on the acute gastrointestinal (GI) and abdominal complications of binge drinking and the role of imaging in the early diagnosis and management of these conditions. Using an illustrative case-based approach, we review the imaging features of a variety of complications in patients who presented at our institution with a recent history of binge drinking.
Role of Imaging
There is a wide spectrum of GI and abdominal complications which can occur secondary to binge drinking and are not yet well documented. We have broadly subdivided these complications into ''acute'' and ''acute-on-chronic'' ( Table 1) . Acute complications include acute pancreatitis, Boerhaave's syndrome, acute abdominal apoplexy, and spontaneous intraperitoneal bladder rupture. Acute-onchronic complications more commonly present as acute exacerbations of chronic ailments such as peptic ulcer disease (PUD) complicated by perforation and upper GI bleeding or chronic pancreatitis complicated by haemorrhage into a pseudocyst with secondary pseudoaneurysm formation.
Emergency department (ED) imaging protocol for patients with acute abdominal pain generally includes chest and abdominal radiograph (erect and supine) and axial contrastenhanced computed tomography (CECT) of abdomen and pelvis with images acquired in the portal venous phase. The imaging protocols are tailored according to individual patients, with CT angiography (CTA) comprising of axial noncontrast, arterial, portal venous, and delayed phases reserved for cases with suspected vascular complications.
Acute Complications

Acute Pancreatitis
A 45-year-old man presented to the ED with an episode of acute onset abdominal pain radiating to the back after a few hours of binge drinking. He consumed 300 mL of whisky over 1.5 hours (6e7 standard drinks). The patient was a known alcoholic with no previous history of pancreatitis. His serum amylase and lipase levels were raised. CECT of the abdomen confirmed acute interstitial oedematous pancreatitis (Figure 1 ).
Gallstones and alcohol are responsible for approximately 70% cases of acute pancreatitis. The incidence of acute pancreatitis is increasing, and this trend is possibly secondary to the increasing age of the population and increasing alcohol consumption [4] . The risk of developing alcoholinduced pancreatitis is related to the amount and duration of drinking [5] . The pathobiology in alcoholic pancreatitis includes: (1) pancreatic necrosis due to cell death; (2) inflammation resulting in a sensitized response to pancreatic stress; and (3) fibrosis through effects of ethanol on pancreatic stellate cells and the plasminogen system [6] .
Imaging helps to confirm the diagnosis, grade the extent and severity of acute pancreatitis, and aids early detection of associated complications. In the revised Atlanta classification system, acute pancreatitis is divided into 2 subcategories based on imaging findings: interstitial oedematous pancreatitis and necrotizing pancreatitis. Interstitial oedematous pancreatitis is more common and usually demonstrates focal or diffuse pancreatic enlargement with associated peripancreatic inflammation or a small amount of free fluid ( Figure 1 ). The less common necrotizing pancreatitis may involve either the pancreatic parenchyma or the peripancreatic tissues and usually manifests as non-enhancing pancreatic parenchyma ( Figure 2 ), as well as non-enhancing heterogeneous peripancreatic collections comprising of fluid and necrotic debris, typically in the lesser sac and anterior pararenal space [7] .
According to the revised Atlanta classification, collections are defined based on the onset of pain (<4 weeks or >4 weeks from the onset of pain) and the presence or absence of necrosis; acute peripancreatic fluid collection, acute necrotic collection, pseudocyst or walled-off necrosis [7] ( Table 2 ). Pancreatitis may be associated with complications such as infected collection (Figure 3 ), fistula formation, and vascular complications such as splenic vein thrombosis or pseudoaneurysm involving the splenic, gastroduodenal, and pancreaticoduodenal arteries [7] . Management of pancreatitis depends on several factors, such as severity of the disease and phase, and the presence of complications. It is best managed by a team of gastroenterologists, radiologists, and surgeons. By implementing the revised Atlanta classification, the radiologist is able to help guide appropriate therapy, according to the type of collection [7] . There are various imaging-guided percutaneous methods available for treating necrotizing pancreatitis including fineneedle aspiration, catheter drainage of collections, and debridement of necrosis (percutaneous necrosectomy). The other role of interventional radiologist is in the management of vascular complications, such as pseudoaneurysms, using endovascular methods such as embolization and stent placement [7, 8] .
Boerhaave's Syndrome
A 62-year-old man presented to the ED with acute onset left-sided chest pain following 2 episodes of vomiting after a bout of binge drinking. Chest radiograph showed a large leftsided pleural effusion, pneumomediastinum, and subcutaneous emphysema ( Figure 4A ). The clinical presentation and radiographic findings were suspicious of spontaneous rupture of the esophagus (Boerhaave's syndrome). Subsequent CECT of the chest ( Figure 4B ) and fluoroscopic esophagography ( Figure 4C ) confirmed the diagnosis of Boerhaave's syndrome.
Boerhaave's syndrome is a rare surgical emergency involving transmural rupture of the esophagus and has a mortality rate of between 10%-50% [9] . A vertical fullthickness rupture usually occurs in the lower third of the esophagus in the left lateral location, approximately 2e3 cm proximal to the gastroesophageal junction [10] . It commonly occurs after acute overindulgence of food or alcohol. It is thought to result from neuromuscular incoordination and a failure of the cricopharyngeal muscle to relax during vomiting, thus causing a sudden increase in intraluminal esophageal pressure. Patients may classically present with repeated episodes of vomiting, lower thoracic pain, and subcutaneous emphysema, known as Mackler's triad [9] .
The chest radiograph is usually abnormal in 90% of affected patients, the most common findings being left-sided pleural effusion, lung infiltrates, and atelectasis. Other more specific, but uncommon and subtle findings, include pneumothorax, pneumomediastinum, pneumopericardium, and subcutaneous emphysema [9, 10] (Figure 4A ). If a patient is stable, fluoroscopic-guided oral water soluble contrast study may be performed which may directly demonstrate the site of leak with extraluminal contrast extravasation [10] ( Figure 4C ). The preferred examination is CECT of the chest, which may not be helpful in localizing the site of the esophageal perforation, but can however detect accompanying findings such as esophageal wall oedema, pneumomediastinum, periesophageal fluid collections, pneumothorax, and pleural effusion [11] ( Figure 4B ). Alternatively, CT-esophagography may be performed, which involves administration of 10% diluted iodinated contrast agent, either orally or through the nasogastric tube. It enables confirmation and visual documentation of the perforation by direct identification of extraluminal contrast leakage [10] .
Management of esophageal perforation involves a combination of conservative, endoscopic or surgical interventions [11] . Radiological intervention (ie, pleural/mediastinal drainage) is usually done in conjunction with those forms of management as a supportive management.
Abdominal Apoplexy: Short Gastric Artery Bleed
A 27-year-old man presented to the ED with a 1-day history of vomiting and severe epigastric and left hypochondriac pain following an episode of binge drinking. Chest and abdominal radiographs were normal. In view of continued and severe abdominal pain, CECT of the abdomen and pelvis was performed which showed haemoperitoneum, a large haematoma in the left hypochondrium with a focus of active arterial contrast extravasation ( Figure 5 ). Imaging findings were compatible with abdominal apoplexy secondary to vessel rupture, probably short gastric artery. The patient was immediately taken for exploratory laparotomy which confirmed the source of bleeding to be the short gastric artery, which was successfully ligated.
Abdominal apoplexy secondary to rupture of short gastric vessels is exceedingly rare. Vomiting has been postulated as a common antecedent to short gastric vessel rupture. Forceful vomiting is commonly observed after an episode of binge drinking, as in our case, and may lead to abdominal apoplexy. Osunkunle et al found only 13 reported cases of short gastric vessel rupture in the literature, of which 8 cases occurred following vomiting [12] . Hayes et al proposed that retching may cause a partial gastric volvulus which may then pull the gastrosplenic ligament. This shearing force may result in a tear of the short gastric artery [13] .
In a haemodynamically stable patient, CECT of the abdomen and pelvis is the imaging modality of choice for obtaining a preoperative diagnosis and for localizing the site of active bleeding [12, 14] . CECT findings usually include a sentinel clot, hyperdense mesenteric fluid, and active arterial extravasation ( Figure 5 ). For haemodynamically unstable patients, exploratory laparotomy remains the definitive treatment option and consists of resection of the aneurysm or ligation of the feeding vessels. Radiological intervention, such as transarterial embolization of the feeding vessel, is an alternative treatment option [12] .
Spontaneous Intraperitoneal Bladder Rupture
A previously healthy 32-year-old woman presented to the ED with drowsiness, lower abdominal pain, and vomiting after consuming 900 mL of red wine (6 standard drinks) over 1e2 hours. CECT of the abdomen and pelvis showed intraperitoneal rupture of the urinary bladder ( Figure 6 ).
Spontaneous rupture of the urinary bladder, though an uncommon complication of binge drinking, can be lifethreatening if unrecognized. Alcohol has a diuretic effect, which results in rapid filling of the bladder, increasing the volume of urine within the bladder. Moreover, alcoholintoxicated patients usually have altered sensorium with dulled senses to bladder distension, causing patient to have a reduced urge to void despite increased bladder volume. This results in an atonic decompensated bladder, which becomes stretched and thinner. Minor trauma, such as fall or excessive vomiting, usually associated with intoxication, will further increase the intra-abdominal pressure and can cause rupture. The rupture is commonly intraperitoneal, usually at the dome, as this is the weakest point within the bladder wall. Extraperitoneal rupture of the bladder is uncommon. Patients usually present with vague symptoms, such as diffuse suprapubic pain and tenderness, mild shock, oliguria, and mildly raised renal function, mimicking other abdominal pathologies. Hence, a high index of suspicion is required for early diagnosis of this entity [15, 16] .
Focused assessment with sonography for trauma performed in the ED may show fluid within the pelvis [16] . CECT of the abdomen and pelvis is the preferred modality and characteristically demonstrates fluid in the pelvis and peritoneum with intraperitoneal extravasation of contrast from the bladder lumen on the delayed phase ( Figure 6 ). In patients with strong clinical suspicion of spontaneous bladder rupture, CT cystography is the preferred modality over retrograde cystography, as it is less invasive and the findings are comparable with that of a retrograde cystogram. Patients with intraperitoneal bladder rupture at the dome usually require surgical intervention. On the other hand, extraperitoneal rupture can be successfully managed conservatively [15] .
Acute-on-Chronic Complications
Peptic Ulcer Disease Pathophysiology
Excess alcohol consumption has a close relationship with development of PUD. Alcohol affects the gastric mucosal barrier, with the ulcerogenic effects altering gastric mucosal defence mechanisms. The inflammatory changes in the gastric mucosa are also likely to be related to concurrent Helicobacter pylori infection that is common among alcoholics [17] . Binge drinking can aggravate the symptoms of PUD and also precipitate related complications such as upper GI bleeding and perforation, as seen in our illustrative cases.
Upper GI perforation
A 50-year-old man presented to the ED with acute and severe abdominal pain after consuming 250 mL of vodka (around 5 standard drinks). Chest radiograph showed free air beneath the right dome of the diaphragm ( Figure 7A ). CECT of the abdomen and pelvis showed a pneumoperitoneum, suspected to be secondary to pyloric antral perforation ( Figure 7B, C) . He was sent for emergency laparotomy and a perforated gastric ulcer was confirmed.
Gastro-duodenal perforation is commonly associated with peptic ulcer disease, neoplasia, and postoperative anastomotic leak. Patients usually present with generalized acute abdominal pain radiating to the shoulder and back, peritonism, and shock. Penetrating ulcers of the anterior wall of the stomach or duodenum perforate directly into the peritoneal cavity [18] .
Pneumoperitoneum seen as free air beneath both domes of diaphragm is an important radiographic sign indicating perforated hollow viscous ( Figure 7A ). Important CECT findings indicative of the site of perforation are: discontinuity in the gastroduodenal wall and air foci in close proximity to the bowel wall. Indirect signs are pneumoperitoneum with bowel wall thickening, enhancement, and surrounding inflammatory changes. Periportal free gas sign helps in distinguishing upper from lower GI tract perforation [18] ( Figure 7B, C) .
CT is highly sensitive for detecting free extraluminal air and has been shown to have an overall accuracy of around 86% for predicting the site of bowel perforation. Transverse mesocolon divides the peritoneal cavity into supra-and inframesocolic compartments and this anatomical landmark can be useful in differentiating upper and lower GI perforations on CT. Supramesocolic compartment air usually occurs secondary to upper GI tract perforation (stomach or duodenal bulb) while inframesocolic compartment air usually results from distal small and large bowel perforation. If free air is seen only in the pelvis, the usual site of perforation is colon, and not small bowel. Few other signs pertaining to free air on CT which may be helpful in differentiating upper from lower GI tract perforation are: ''ligamentum teres sign'' which refers to free air outlining the intrahepatic fissure and ligamentum teres, often due to perforation of the duodenal bulb or stomach; ''periportal free gas sign,'' strongly suggests upper GI tract perforation ( Figure 7B, C) ; ''falciform Figure 7 . Acute gastrointestinal perforation in a 50-year-old man, a known alcoholic. Frontal radiograph of chest (A) shows free air beneath the right dome of diaphragm (arrowhead). Axial CECT of the abdomen and pelvis (B, C) shows pneumoperitoneum with pyloric antral wall thickening, enhancement, surrounding inflammatory changes and free fluid (thick arrow). There is periportal free gas sign (arrowhead). ligament sign'' occurs when free air crosses the mid-line and accentuates the falciform ligament, and is seen in perforation of the proximal GI tract (stomach, duodenum, jejunum, and ileum). In addition to these free air signs, 3 CT findings that are considered to have a high predictive value for the site of perforation are discontinuity in the bowel wall, concentrated bubbles of air foci in close proximity to the bowel wall, and focal segmental bowel-wall thickening [18, 19] . Most perforations of the upper GI tract require surgical repair, either open or laparoscopic [20] .
Upper GI bleed
A 76-year-old man presented to the ED with severe epigastric pain and hematemesis after drinking about 2000 mL of beer in 2 hours (around 5 standard drinks). He was a known alcoholic, drinking 20 bottles of beer per week over the past 16 years. Previous endoscopy showed features of chronic gastritis. In view of clinical suspicion of acute upper GI bleeding, CTA was performed and revealed active contrast extravasation into the stomach lumen ( Figure 8A,  B) . He was immediately sent for digital subtraction angiography (DSA) which showed contrast extravasation from left gastric artery. This was embolized with good results (Figure 8C, D) . Endoscopy performed later showed a gastric ulcer, which was the source of active bleed ( Figure 8E ).
Strate et al demonstrated that alcohol consumption is associated with increased risk of GI bleeding, particularly secondary to peptic ulcer disease [21] . When upper GI bleeding cannot be localized by endoscopy, or when endoscopy is not possible or is inconclusive, imaging is used to localize and help direct appropriate endovascular or surgical treatment. CTA is now the modality of choice in cases of acute GI bleeding before proceeding to DSA [22] . CTA aids in the diagnosis by identifying the bleeding vessel and also helps in identifying the aetiology of GI bleed, which may be useful for further management. Hyperattenuating extravasated contrast material in the bowel lumen is the hallmark finding [23] ( Figure 8A ). On the delayed phase, the extravasated contrast material may show swirled or pooled configurations or may fill the entire bowel lumen [24] .
Interventional radiologists can perform DSA which is both a diagnostic as well as therapeutic tool ( Figure 8C ). Transcatheter arterial embolization may be a more effective and safer method for controlling acute GI bleeding than surgical intervention, particularly in high risk patients. Transcatheter arterial embolization requires super-selective catheterization of bleeding vessels ( Figure 8D ). The embolic agents used include coils, glue, onyx, Gelfoam, polyvinyl alcohol particles, and Amplatzer vascular plugs [23] .
Chronic Pancreatitis with Haemorrhage Into a Pseudocyst and Secondary Pseudoaneurysm
A 39-year-old man presented twice to the ED over a 3month period with severe epigastric pain radiating to the back associated with vomiting. He had a 13-year history of recurrent admissions for pancreatitis secondary to excessive alcohol intake. CECT of the abdomen and pelvis performed 2 years earlier showed features of chronic pancreatitis with a pseudocyst in the pancreatic head/uncinate process. On both recent occasions, emergency CECT of the abdomen and pelvis showed significant haemorrhage into a pre-existing pseudocyst and subsequent pseudoaneurysm formation. The first haemorrhagic event, secondary to extravasation from a jejunal branch of the SMA into the pseudocyst, was successfully embolized with microcoils ( Figure 9 ). The second haemorrhagic event, with significant reperfusion of the pseudocyst/pseudoaneurysm, was secondary to an arterial wall defect of the proximal SMA trunk which was successfully treated with an endograft (Figure 10 ). The patient made an uneventful recovery and was discharged 3 days later.
Pancreatitis-related pseudoaneurysm rupture is associated with a high mortality of up to 50% [25e27]. The most commonly-involved vessels are the splenic, gastroduodenal, and pancreaticoduodenal arteries at 30%e50% [28] , 17%, and 11%, respectively [25] . In the emergency setting, CTA allows rapid confirmation of diagnosis, exclusion of differentials, and pre-procedure planning.
The choice of treatment will be dictated by site/source of bleeding, available resources, and local expertise. Endovascular management is increasingly accepted as the first-line treatment of visceral aneurysms and pseudoaneurysms, given its minimally invasive nature, and can be repeated in the event of disease progression, as illustrated in our case [26] . Surgical options are tailored to the site of pseudoaneurysm formation and may be a combination of transcystic ligation and splenectomy/pancreatectomy [29] . Patients with pancreatic head/uncinate process involvement may require more conservative surgical options.
Conclusion
Binge drinking is a major public health issue that needs to be addressed with the aim of primary prevention and comprehensive intervention. Binge drinking poses a myriad of physical, psychological, social, and socioeconomic threats to our society. Among the physical ailments, acute GI and abdominal emergencies can be severe and life threatening. Early diagnosis is of utmost importance to initiate prompt and correct treatment algorithm with both supportive radiological management and surgical procedures enabling optimum outcomes.
